DISCLAIMER
This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, com-• pleteness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned ri_ghts. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily conshtute or imply its endorsement, recommendation, or favoring by the United States Government or ,, any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any a0ency thereof.
This report has been reproduced directly from the best available copy. 
INTRODUCTION
Aromatic amines are of interest to the refiner because they are produced during the conversion of the heavy ends of petroleum to distillate fuels (1, 2) . Synthetic crudes from coal and shale oil also contain aromatic amines. In coal liquids, primary polyaromatic amines have been implicated as the most mutagenic compound class present (3) .
Until recently, aromatic amines were difficult to differentiate in fuels using GC/MS because of the similarity of electron impact fragmentation patterns of underivatized primary, secondary, and tertiary amines.
During the late 1960's, an improved analysis of these compounds as trifluoroacetamide derivatives was reported by Saxby et al. (4) (5) (6) . Since then, several researchers have reported using acetylation and trifluoroacetylation to distinguish between primary and tertiary aromatic amines in gasoline (7), creosote oil (8) analogous derivatization with pentafluoropropionic anhydride to detect primary aromatic amines in an SRC II coal liquid (13, 14) , and Bartle et al. adducted anilines with hexafluoroacetone for analysis via 19F nuclear magnetic resonance spectroscopy (15) .
In these acetylations, one acetyl or trffiuoroacetyl group was substituted onto both primary and secondary amines, such as anilines or partially hydrogenated azaarenes. Tertiary aromatic amines, i.e., azaarenes such as naphthenopyridines or quinolines, did not react. The increased mass and easily distinguished fragment ions of the derivatized compounds, as well as shifts in their GC retention times, were used to aid in their identification using GC/MS. However, monotrifluoroacetylation does not distinguish between primary and secondary amines which are isomass. For example, aminoindans, which are primary amines, will have the same mass (229) as methyl indoline and 1,2,3,4-tetrahydroquinoline after derivatization. The differentiation of primary and secondary amines is important when developing improved processes for the upgrading of heavy ends of petroleum. Research on the hydrodenitrogenation (HDN) of heavy crude feedstocks would benefit from improved analyticg_l techniques which would allow ' better monitoring of the concentration of aromatic amine intermediates (16) .
For these reasons, an analytical method which distinguishes between primary, secondary, and tertiary aromatic amines has been developed. Rigorous reaction conditions are used to form diand mono-trifluoroacetylated derivatives of primary and secondary amines, respectively. GC/MS is then used to analyze the derivatized base concentrate. The method has been applied to the analysis of a mildly upgraded SRC II coal liquid and preliminary results are reported here.
EXPERIMENTAL Fuel Fractionation
The history of the raw and hydroprocessed SRC II coal liquid is described elsewhere (17).
The feed (HT-9) and a mildly upgraded product (HT-8) were distilled to produce 200-325°C
distillate fractions, acid-base-neutral separations were performed (18), and bases were subfractionated into 7 fractions (19) . The whole ba_ fraction accounted for 7.9 percent of feed A catalyst is necessary during the reaction (21, 22) . Initially, DMAP was used as a catalyst, but PPY was found to provide more complete trifluoroacetylation of some compounds. Reaction conditions were optimized using 2,6-diethylaniline, which is a sterically hindered primary amine, and N,N-diethylaniline, which is a tertiary amine that undergoes ring acetylation at the ortho and para positions. Catalyst and reagent concentratiens and reaction time (10 minutes) were held constant and the reaction temperature was varied. At room temperature, 58 percent of the 2,6diethylaniline was converted to the diamide derivative, with the balance in the monoamide form.
At both 50 and 60°C, it was 100 percent converted to the diamide form.
Of the six tertiary amines examined so far, 3 formed ring-acylated derivatives, lt was initially hoped to avoid ring acetylation of N,N-dialkylanilines using mild reaction conditions, but, at room temperature, N,N-diethylaniline was completely converteci to the mono-ring-acylated form, with 92 percent addition at the para-and 8 percent at the ortho-position. No evidence for the addition of more than one trifluoroacetyl group to the ring was found at either 50 or 60°C when the supernatant was analyzed within 4 hours storage at 0°C. The appearance of "over-reaction" peaks was noted after 6 hours storage, however, so subsequent samples were analyzed within 5 hours of derivatization and storage.
II
One of the other two tertiary amines which formed ring-acylated derivatives (2,3cyclopentenopyridine), added 2 trifluoroacetyl groups to the saturated ring. The percentage of the derivative formed was quite reproducible, however, as shown by a RRF standard deviation of 6 percent. 2,3-cyclohexenopyridine (5,6,7,8-tetrahydroquinoline) and its alkyl-substituted homologs did not form derivatives.
The percentage of each _omatic amine which reacted to form the expected derivative is shown in Table 1 , column 2. Twenty five of the 31 primary aromatic amines formed only diamides.
Those cases of incomplete conversion were generally of two types. The first includes compounds such as methylbenzylamines, where the relatively low acidity of the amine hydrogens makes their displacement difficult. The second type involves higher boiling aromatic diamides, which appear to thermally decompose above a column elution temperature of about 200°C.
Derivatization Reproducibility_
Each blend of aromatic amines and internal standards was de:ivatized 3 times, and each reaction mixture was analyzed twice, with no mere than 5 hours between GC/MS injections. As shown in Table 1 , replicate response factors from the 6 runs on each blend typically varied less than +_10percent. Since this variation included contributions from both GC injections and mass spectral measurements, the reproducibility of replicate reactions was undoubtedly higher than 90 percent in most cases.
The few examples where RRF standard deviations varied more than +10 percent were caused either by derivative decomposition on-column or by the tailing of underivatized tertiary amines such as quinoline (__24.7 percent) or N,N-dimethylbenzylamine (+27.7 percent) on the capillary column. 
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